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REMARKS 

Claims 19, 20, 22-26, 28-39, 41, and 42 have been amended for purposes of 
clarification. For example, the phrase "one or more" has been added to modify various 
signals so as to clarify that the claims are intended to cover systems and methods that use 
one or more of the specified signal. 

Claims 43-45 have been added, the currently pending claims are claims 1-45. 
Applicant respectfully submits that the claims are in condition for allowance and 
notification to that effect is earnestly requested. If the Examiner has any questions or 
concerns regarding this application, please contact the undersigned at (612) 312-2201. 

If necessaiy, please charge any additional fees or credit overpayment to Deposit 
Account No, 501373. 
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MARKED UP VERSION OF AMENDED CLAIMS 

19. ^^Twice Amended) A method of balancing a plurality of channel currentSy^ach of 
the plurality of channel currents flowing in a corresponding one of a plurality^ channels 
in a multi-pn^se DC/DC converter, the DC/DC converter having an output voltage, the 
method comprising: 

receiving ^plurality of channel current signals, each of the^plurality of channel 
current signals representative of a channel current for one of tiie plurality of channel 
currents; \ / 

averaging together the plurality of channel curjent signals to thereby determine 
[an] one or more average cnannel current signals; 

comparing a signal representative of the/output voltage to a first reference signal 
to thereby determine a commonVnor signal/and 

controlling each of the channel currents based at least in part on the one or more 
average channel current signals, onetif the plurality of channel current signals, a second 
reference signal and the common error sjgoaL 

20. (Twice Amended) Th£ method of c&im 19, wherein controlling the channel 
currents comprises: 

generating a plurality of pulse width modMated signals for the plurality of 
channels to [selectively] control the channel current* each of the plurality of pulse width 
modulated signal^based at least in part on the one or more average channel current 
signals, one of the plurality of channel current signals, tire second reference signal and the 
common error signal. 



22- (/Twice Amended) A control circuit for a multi-phase D6J/DC converter having an 
outpu/ voltage, the control circuit comprising: 

/ an averaging circuit, responsive to a plurality of channel curr&it signals 
representative of channel currents for a plurality of channels, that averages the values of 
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tjhe plurality of channel current signals to produce [a] one or more signals representative 
je average channel current; 

error amplifier, responsive to the output voltage and a reference 
error am^fier providing a common error signal; and 

a plu^lity of pulse width modulator circuits, each responsive totiie common error 
signal, the one o* more signals representative of the average channelcurrem, one of the 
plurality of channeWnrent signals, and a second reference signal^o produce a plurality of 
pulse width modulatccKsignals to control the plurality of channels of the multi-phase 
DC/DC converter. 

23. (Amended) The controKrircuit of claim 22, wherein the averaging circuit further 
comprises: "^^^ ^ 

a summing circuit to add the phjrality,of channel current signals to produce a sum; 

and 

a scaling circuit to produce the joneV more signals representative of the average 
channel current from the sum. 



24. (Amended) The control circuit of claim 22, [wherein each pulse width modulator 
circuit] further compris[esJing: 

a signal combiner circuit responsive to at least the one or more signals 
representative of the/average channel current from the averaging circuit and [having] 
producing an output signal : and 

[a] wherein the pulse width modulator [having] circuit has atl^ast a first input 
responsive r^the output signal of the signal combiner circuit 



25. /(Amended) The control circuit of claim 24, wherein each pulse width hjodularor 
circuit has a second input responsive to the second reference signal. 
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26. (Amended) The control circuit of claim 22, [wherein each pulse width moc 
ck£uit]further comprises: 

first difference circuit [having] producing an output signal : 
[a^lse width modulator having a first input responsive to th^dutput of the first 
difference circuit; and] 

a second difference circuit coupled to receive an output^of the averaging circuit 
and an associated ch^inel current signal, the second difference circuit is adapted to output 
a signal that is equal to the associated channel current signal minus the one or more 
signals representative of this average channel current; an output of the second difference 
circuit is coupled to an input o^the first difference circuit[.]iand 

wherein the pulse width modulator circuit has a first input responsive to the output 



signal of the first difference circuit 




28. (Amended) A multi-phase DG/I5C converter having an output voltage comprising: 
a plurality of converter channels toSupply a plurality of channel currents, each 

converter channel having a control input and an output; and 

a control circuit coupled to the control input of each converter channel to provide 

each converter channel with an associated pulse width modulated signal to regulate the 

channel current flowing through each converter channel* the control circuit is further 

/ \ 
coupled to receive channel current signals representative of the plurality of channel 

/ \ 
currents, the controLcircuit comprising, \ 

a sealing circuit, responsive to the plurality of channel current signals, that 

produces^] one or more scaled values based on the pluralit^of channel current 

signals/' 

/ an error amplifier, responsive to the output voltage and a first reference 
signal, the error amplifier providing a common error signal, and 

a plurality of pulse width modulator circuits, each pulse width modulator 
'circuit responsive to the common error signal, the one or more scaled values, one 
of the plurality of channel current signals, and a second reference signal to 
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produce a plurality of pulse width modulated signals to control the 
channels of the multi-phase DC/DC converter. 




29. (Amended) The DC/DC converter of claim 28, wherein the scaling circuit 
comprises: 

a sumniing circuit to sum up the plurality of channel current signals; and 
a scaler, responsive to an output signal from the summing circuit, that produces 
the one or more scaled values. 



30. (Amended) The DODC converter of claim/28, wherein the scaling circuit 
comprises an averaging circuity 
average channel current signal. 



j 2 

comprises an averaging circuiMhat produces fa Lone or more signals representative of the 




31. (Amended) The DC/DC converter of claim 28, [wherein each pulse width 
modulator circuit] further comprisfesling? 

a signal combiner responsive^to the one or more scal[ing]ed values of the scaling 
circuit and [having] producing an'output signalK ind 

[a] wherein the pulse ^idth modulator [having] circuit has a first input responsive 
to the output signal of the signal combiner circuit. 




32. (Amended) The'DC/DC converter of claim 3 1 , wherein each pulse width 
modulator circuit has^a second input responsive to the second reference signal. 



33. (Amended) A multi-phase DC/DC converter having an output voltage, the 

converter comprising: 

a plurality of converter channels, each convener channel having a control input to 
/ \ 
receive a'control signal and an output, wherein each converter channel is adapted to^ 

output^converter channel current based at least on the control signal received at the 

control input of the converter channel; and 
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a control circuit comprising, 

an error amplifier to output a common error signal, the error amplifier, 
cbupled to a first reference signal and the output voltage, a summing circi 
couph^Ito receive channel current signals representative of the converter channel 
currents/the summing circuit outputting a cumulative current signal representative 
of the summation of the channel current signals, 

a scaling^circuit coupled to the summing circuit/and producing [a] one or 



ation 

lin^£__ _ jr-- - — o 

a^HacftH nn rhe cumulative cuiren tester] 



more scaled signals^based on the cumulative current^signaJ, and 

a pulse width modulator for each converter channel, each pulse width 

modulator responsive to^eombination of the one or more scaled signals, an 

\ / 

associated channel current signal, a second reference signal, and the common 
error signal. 




34. (Amended) The multi-phase DC/DC converter of claim 33, wherein each pulse 
width modulator has a first and second input, theWst input of each pulse width 

modulator coupled to a combination of three of the one or more scaled signals, an 

/ \ 
associated channel current signal, a second reference sighal and the error signal and the 

second input of each pulsewidth modulator coupled to the rwnaining one of the signals. 

/ \ 

35. (AmendedJ/The DC/DC converter of claim 34, wherein the^scaling circuit divides 
the cumulative^urrent signal by the number of converter channels to produce the one or 
more scaled signals. 



36. (Amended) The DC/DC converter of claim 34, wherein the scaling circuity 
multiplies the cumulative current signal by a fraction to produce the one or more scaled 
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37. (Amended) A method of balancing a plurality of channel currents of a plurality cjf 
channels in a multi-phase DC/DC converter having an output voltage, the method 
scomprising: 

\. receiving a plurality of channel current signals, each of the plurality^fchannel 
current^signals representative of a channel current from one of the plurality of channels; 

adding the plurality of channel current signals together to obtain a cumulative 
current signak / 

scaling me cumulative current signal to obtain [a] one/pr more scaled channel 
current signals; \ / 

comparing the output voltage with a first reference signal to produce a common 
error signal; and ^ 

controlling each of the channel currents^ased at least in part on the one or more 
scaled channel current signals, one of the plurality of channel current signals, a second 
reference signal and the common a 



38. (Amended) The method of cl 
further comprises: 

combining at least threeyof the 




7, wherein controlling the channej currents 



, one or more scaled channel current signals, one of 
the plurality of channel current signals, one of th^eference signals and the error signal; 
applying the combination to a first input of a pulse width modulator; and 
applying the remaining signal to a second input oKthe pulse width modulator. 



39. (Amended)/A method of balancing a current from a plurality of channels in a 
multi-phase DCflDC converter having an output signal, the method^Gomprising: 

combining a plurality of signals representative of channel currents to create a sum 



scaling the sum signal to create [a] one or more scaled signals; 
generating a common error signal based on the output signal and a first reference 
signal; and 
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generating a control signal at each of a plurality of pulse width modulators, 
control signal based on a second reference signal, an associated channel current si; 
the on&qr more scaled signals* and the common error signal. 



41. (Ameno^d) A method of balancing current from a plurality of channels in a multi- 
phase DC/DC converter having an output signal, the method comprising: 

generating an eiror signal based on the output signal and a'first reference signal; 
generating individual modification signals for modifying an effect of the error 
signal for each of the pluraliq\of channels, each individual modification signal based at 
least in part on a signal representative of a channel current for the channel and [a] one or 

hafl 



more signals representative of a sc 
channels; and 



sum of the channel currents for the plurality of 



applying the error signal and indi visual modification signals to a plurality of pulse 
width modulators for controlling the channel currents of the plurality of channels. 



42. (Amended) A control circuit for a multi-phase^DC/DC converter having an output 
voltage, the control circuit comjMising: 

a scaling circuit, responsive to a plurality of channePcurrent signals representative 
of channel currents for a plurality of channels, that scales the values of the plurality of 
channel current signals to produce [a] one or more scaled signals; \ 

an error aiqjflifier, responsive to the output voltage and a reference signal, the 
error amplifier^/oviding a common error signal; and \. 

a plurality of pulse width modulator circuits, each responsive to the common error 



/ 



ommon < 

signals, ; 



signal, the . one or more scaled signals, one of the plurality of channel current sighals, and 
a seconp reference signal to produce a plurality of pulse width modulated signals to^ 
contped the plurality of channels of the multi-phase DC/DC converter. 



v 



